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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a high quality, highly functional epitaxial wafer which is obtained by forming an epitaxial 
layer on a p+ substrate wherein boron is doped in a high concentration and nitrogen is also doped so as to produce a p/p+-EP 
wafer and eliminate crystal defects from the epitaxial surface of the p/p+-EP wafer, and which has high gettering ability. 
SOLUTION: The silicon single crystal substrate for an epitaxial wafer is used as a substrate for the epitaxial wafer and 
characterized in that it is a single crystal grown under conditions that nitrogen and boron are doped, especially boron is doped 
in a high concentration, and the value of V/G, wherein V is pulling speed, and G is temperature gradient in the crystal, is 
controlled to be between the lower limit of the fine dislocation occurring region In the OSF ring area and the upper limit of I- 
enriched area. Further, an epitaxial wafer is obtained by forming an epitaxial layer on the silicon single crystal substrate 
mentioned above. 
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THEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high quality, highly functional epitaxial wafer which is 
obtained by forming an epitaxial layer on a p+ substrate wherein boron is doped in a high concentration 
and nitrogen is also doped so as to produce a p/p+-EP wafer and eliminate crystal defects from the 
epitaxial surface of the p/p+-EP wafer, and which has high gettering ability. 

SOLUTION: The silicon single crystal substrate for an epitaxial wafer is used as a substrate for the 
epitaxial wafer and characterized in that it is a single crystal grown under conditions that nitrogen and 
boron are doped, especially boron is doped in a high concentration, and the value of V/G. wherein V is 
pulling speed, and G is temperature gradient in the crystal, is controlled to be between the lower limit 
of the fine dislocation occurring region in the OSF ring area and the upper limit of I-enriched area. 
Further, an epitaxial wafer is obtained by forming an epitaxial layer on the silicon single crystal 
substrate mentioned above. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The silicon single crystal substrate for epitaxial wafers characterized by being a silicon single 
crystal substrate used as the substrate of an epitaxial wafer, and being the single crystal raised on the 
conditions which nitrogen and high-concentration boron are doped, and a V/G (it considers as crystal 
orientation temperature gradient V:pull-up rate and near [ under Gxrystal ] solid-liquid interface here) value 
becomes between the lower limit of the minute rearrangement generating field in an OSF ring field and the 
upper limits of an I-rich field. 

[Claim 2] Said silicon single crystal substrate is a silicon single crystal substrate for epitaxial wafers 
indicated to claim 1 characterized by resistivity being 0.02 or less ohm-cm. 

[Claim 3] The concentration of said doped nitrogen is 3xl013-/cm3. Silicon single crystal substrate for 
epitaxial wafers indicated to claim 1 or claim 2 characterized by being above. 

[Claim 4] The epitaxial wafer characterized by growing up an epitaxial layer and changing on the silicon 
smgle crystal substrate indicated in any 1 term of claim 1 thru/or claim 3. 

[Claim 5] The epitaxial wafer characterized by the epitaxial layer defect which is the epitaxial wafer in 
which the epitaxial layer was formed on tiie silicon single crystal substrate which doped nitrogen and high- 
concentration boron, and originates in the crystal defect of a substrate on said epitaxial layer fi-ont face not 
existing. 

[Claim 6] The manufacture approach of the silicon single crystal for epitaxial growth characterized by 
pulling up a silicon single crystal on the conditions which V/G value becomes between the lower limit of the 
minute rearrangement generating field in an OSF ring, and the upper limits of an I-rich field in case the 
silicon single crystal which doped nitrogen and high-concentration boron with the Czochrlski method is 
raised. 

[Claim 7] It is 3xl013-/cm3 about 0.02 or less ohm-cm and nitrogen concentration in the resistivity of said 
silicon single crystal to raise. The manufacture approach of the siUcon single crystal indicated to claim 6 
characterized by considering as the above. 

[Claim 8] The manufacture approach of the epitaxial wafer characterized by growing up an epitaxial layer 
on the substrate which slices the silicon single crystal manufactured by the manufacture approach according 
to claim 6 or 7, and is obtained. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is p/p+ which improves the gettering capacity in bulk further and 
does not have a defect in an epitaxial layer. It is related with the manufacture approach of the silicon single 
crystal used as an epitaxial wafer (it may be hereafter called a p/p+-EP wafer) and its substrate. 
[0002] 

[Description of the Prior Art] In the integrated circuit of a semiconductor device, the short-circuit to a gland 
from a power source may occur through a parasitic element, and once it generates, unless a power source 
will be dropped, it does not recover, but in order that a device may not carry out normal actuation of this 
phenomenon, it is called the latch rise. The p/p+-EP wafer is used as this cure. 

[0003] It uses that the substrate (p+ substrate) which contained boron in high concentration has the gettering 
effectiveness with this p/pH--EP wafer. p+ p-/p+ in which the epitaxial (it may be hereafter called EPI) layer 
of low boron concentration (p-) was formed on the substrate The gettering effectiveness are an epitaxial 
wafer and according to recent-years and high concentration boron, The gettering effectiveness by high 
concentration boron promoting a deposit of oxygen, and since there is an advantage of the reinforcement of 
a substrate improving fiirther, it is used with the highly efficient device etc. 

[0004] Recently, in order to add a fimction fiirther, nitrogen is doped to a substrate and the p/p+-EP wafer 

which raised the precipitation-of-oxygen property after EPI fiirther is also developed. 

[0005] 

[Problem(s) to be Solved by the Invention] However, a minute rearrangement cluster may produce the 
crystal which doped nitrogen to a part of OSF ring field according to crystal pulling conditions, such as an 
oxygen density, nitrogen concentration, and a V/G [mm2 / K-min] (it considers as crystal orientation 
temperature gradient between 1400 degrees C [K/mm] here from the melting point near [ under V:pull-up 
rate [mm/min] Gxrystal ] solid-liquid interface) value. That is, if nitrogen is doped, an OSF ring field will 
be expanded, and the minute rearrangement which was not in the OSF field of the conventional nitrogen non 
dope comes (in spite of not being an I-rich field) (refer to drawing 1 (b)) to occur in an OSF field. And a 
defect will be formed in an EPI front face in order to spread to an epilayer at an epilayer growth process, if 
this minute rearrangement exists in a substrate. 

[0006] In the case of a p/p~EP wafer, it is p. - By setting up highly V/G value at the time of pulling up the 
crystal for substrates etc. By driving out an OSF ring on the outside of a crystal and losing from a substrate 
the field which a rearrangement generates Generating of such an EPI defect has been controlled (refer to [ a 
patent application No. 294523 / 1 1 to /, a patent application No. 191047 / 2000 to /, and ] E.Domberger et 
al.J.Crystal Growth 180 (1977) 343-352.). 

[0007] On the other hand, in the case of the high concentration boron dope, it is already known that V/G 
value which an OSF ring generates will shift to the high V/G side (E. Domberger et al.J.Crystal Growth 180 
(1977) 343-352.). Then, when it investigates about rearrangement generating by a V/G value change and a 
nitrogen dope in case an OSF ring is generated with this high concentration boron, and (1) nitrogen is doped, 
V/G value which an OSF ring generates similarly are shifted to the high V/G side. 

(2) Even in this case, the field which a minute rearrangement cluster generates similarly exists in a part of 
OSF ring field. 

(3) It was checked that such a rearrangement cannot be controlled only with the high concentration dope of 
boron. Namely, p - p+ which made resistivity low by the crystal process which made V/G high like the 
substrate When a p/p+-EP wafer was produced using a substrate, it turned out that an EPI defect occurs. 
[0008] Then, in case this invention was made in view of such a trouble, forms an epitaxial layer in the high 
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concentration boron dope substrate with which nitrogen was doped and a p/p-h-EP wafer is produced, it sets 
it as the main purpose to offer the high epitaxial wafer and its manufacture approach of the gettering 
capacity for the crystal defect to have been eliminated from the EPI front face. 
[0009] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the silicon single 
crystal substrate for the epitaxial wafers of this invention It is a silicon single crystal substrate used as the 
substrate of an epitaxial wafer, nitrogen and high-concentration boron dope - having - and V/G (here ~ 
V:pull-up rate ~) G: It is characterized by being the single crystal raised on the conditions which the value 
made into the crystal orientation temperature gradient near [ under crystal ] the solid-liquid interface 
becomes between the lower limit of the minute rearrangement generating field in an OSF ring field, and the 
upper limits of an I-rich field (claim 1). In addition, the "high concentration boron" in this invention means 
that boron concentration is 5x1017 atoms/cm3 at least (they are 0.1 or less ohm-cm at resistivity). 
[0010] Thus, the silicon single crystal substrate manufactured from the single crystal raised on the 
conditions which nitrogen and high concentration boron are doped, and V/G value becomes between the 
lower limit of the minute rearrangement generating field in an OSF ring field, and the upper limits of an I- 
rich field Since the minute rearrangement generating field which is easy to generate in the OSF ring field of 
a nitrogen dope reason does not exist in that field, although an epitaxial layer is stacked on this substrate, 
there is no possibility of forming a defect in an EPI front face, and it can offer high quality and a highly 
efficient epitaxial wafer. 

[001 1] In this case, for a silicon single crystal substrate, the concentration of the nitrogen which resistivity is 
0.02 or less ohm-cm (claim 2), and was doped is 3xl013-/cm3, It is desirable that it is above (claim 3). 
[0012] Thus, some which made resistivity 0.02 or less ohm-cm have the advantage of the reinforcement of 
the gettering effectiveness by the gettering effectiveness and high concentration boron by boron 
concentration being fiilly high promoting a deposit of oxygen and a substrate improving. Moreover, it is 
3xl013-/cm3 about the nitrogen concentration to dope. The above, then a precipitation-of-oxygen property 
can be raised fiirther. 

[0013] And since the minute rearrangement generating field which the epitaxial wafer of this invention 
grows up an epitaxial layer, changes on said silicon single crystal substrate, and is easy to generate in the 
OSF ring field of a nitrogen dope reason in a substrate (claim 4) does not exist, although an epitaxial layer is 
stacked on this substrate, there is no possibility of forming a defect in an EPI front face, and it can offer high 
quality and a highly efficient epitaxial wafer. 

[0014] Furthermore, the epitaxial wafer of this invention is an epitaxial wafer in which the epitaxial layer 
was formed on the silicon single crystal substrate which doped nitrogen and high-concentration boron, and 
is characterized by the epitaxial layer defect resulting from the crystal defect of a substrate not existing in an 
epitaxial layer front face (claim 5). Thus, in this invention, in spite of using the high concentration boron 
dope substrate with which nitrogen was doped, it can consider as an epitaxial wafer without an epilayer 
defect. Therefore, while there is no EPI defect, the very high epitaxial wafer of IG capacity is offered. 
[0015] Moreover, in case the manufacture approach of the silicon single crystal for epitaxial growth in 
connection with this invention raises the silicon single crystal which doped nitrogen and high-concentration 
boron with the Czochrlski method, it is characterized by pulling up a silicon single crystal on the conditions 
which V/G value becomes between the lower limit of the minute rearrangement generating field in an OSF 
ring, and the upper limits of an I-rich field (claim 6). 

[0016] Thus, if a single crystal is pulled up on the conditions which V/G value becomes between the lower 
limit of the minute rearrangement generating field in an OSF ring, and the upper limits of an I-rich field in 
case the silicon single crystal which doped nitrogen and high-concentration boron by the CZ process is 
raised Since the minute rearrangement generating field which is easy to generate in the OSF ring field of a 
nitrogen dope reason does not exist in that field, although the silicon single crystal substrate manufactured 
from that single crystal stacks an epitaxial layer on this substrate, there is no possibility of forming a defect 
in an EPI front face. 

[0017] In this case, it is 3xl013-/cm3 about 0.02 or less ohm-cm and nitrogen concentration in the resistivity 
of the raised silicon single crystal. Considering as the above is desirable (claim 7). Some which made this 
resistivity 0.02 or less ohm-cm have the advantage of the reinforcement of the gettering effectiveness by the 
gettering effectiveness and high concentration boron by boron concentration being high enough promoting a 
deposit of oxygen and a substrate improving. Moreover, it is 3xl013-/cm3 about the nitrogen concentration 
to dope. The above, then a precipitation-of-oxygen property can be raised fiirther. 

[001 8] The manufacture approach of the epitaxial wafer of this invention On the substrate which slices the 
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silicon single crystal manufactured by the above-mentioned manufacture approach, and is obtained, are 
characterized by growing up an epitaxial layer (claim 8), and according to such a manufacture approach 
Since the minute rearrangement generating field which is easy to generate in the OSF ring field of a nitrogen 
dope reason does not exist in the field of the silicon single crystal wafer used as a substrate Although an 
epitaxial layer is stacked on this substrate, there is no possibility of forming a defect in an EPI front face, 
and it can offer high quality and a highly efficient epitaxial wafer. 
[0019] 

[Embodiment of the Invention] Hereafter, although the gestalt of operation of this invention is fiirther 
explained to a detail, this invention is not limited to these. Even if this invention person etc. formed an 
epitaxial layer in the silicon single crystal substrate with which the high-concentration boron for p/p+-EP 
wafers was doped, and nitrogen was also doped, in order that he might establish the approach of 
manufacturing the epitaxial wafer with which a crystal defect is not formed in an epilayer fi-ont face, he 
conducted investigation and an experiment wholeheartedly about silicon single crystal training conditions, 
scrutinized terms and conditions, and completed this invention. 

[0020] If the pull-up rate of a single crystal is made to a high speed to where, since a nitrogen dope crystal 
can also drive away a minute rearrangement generating field to a crystal periphery by enlarging V/G value 
remarkable, it will be satisfactory, but in practice, if a certain rate is exceeded, the rate to which it becomes 
easy to transform a crystal and a pull-up on mass-production level becomes difficult exists. And in the case 
of a nitrogen dope and a high concentration boron dope, in parameter V / G value in this rate, generating of 
the minute rearrangement generating field in an OSF ring and its field cannot be too extinguished to a 
crystal periphery. 

[0021] Then, it tried to low-speed-ize a raising rate so that an OSF ring might be arranged inside a crystal 
and a minute rearrangement might not occur. ** such whose a field is ** super-low ** if it is the crystal 
which has the usual resistance ~ fi-om two reasons an I-rich field is next immediately and a rearrangement 
cluster exists in high density also here, it usually comes out that it is not thought that the substrate for 
epitaxial growth is turned to, and there is (refer to drawing 1 R> 1 (b)). 

[0022] However, in the case of a high concentration boron dope, the field which such a minute 
rearrangement does not generate is comparatively high-speed, and that V/G value used as an I-rich field do 
not become so high has checked it also in the nitrogen dope and the high concentration boron dope crystal. 
Moreover, it was checked that an OSF generating field and the minute rearrangement generating field of the 
interior are influenced other than boron concentration of nitrogen concentration or an oxygen density. 
Therefore, when the p/p+-EP wafer using high concentration boron and a nitrogen dope substrate was 
manufactured, the result that what is necessary was just to manufacture the crystal for substrates was 
obtained, controlling V/G value within a field to lower a rate to extent which the minute rearrangement field 
in an OSF field does not generate, and not to become an I-rich field. 

[0023] The above result was synthesized, and when the manufacture approach of the silicon single crystal 
for the epitaxial growth of this invention raised the silicon single crystal which doped nitrogen and high- 
concentration boron with the Czochrlski method, it was presupposed to it that a silicon single crystal is 
pulled up on the conditions which V/G value becomes between the lower limit of the minute rearrangement 
generating field in an OSF ring, and the upper limits of an I-rich field (refer to drawing 1 (a)). 
[0024] Since the minute rearrangement generating field which is easy to generate in the OSF ring field of a 
nitrogen dope reason does not exist in that field, although the silicon single crystal substrate manufactured 
fi-om the single crystal which was able to be pulled up on such conditions stacks an epitaxial layer on this 
substrate, there is no possibility of forming a crystal defect in an EPI front face, and, moreover, it can offer 
the very high epitaxial wafer of the gettering effectiveness. In addition, calculation of V/G can be performed 
in consideration of HZ using FEMAG. FEMAG is comprehensive heat transfer analysis software currently 
indicated by reference (F. 33 Dupret, P.Nicodeme, Y.Ryckmans, P.Wouters, and M.J.Crochet, Int.J.Heat 
Mass Transfer, 1 849 ( 1 990)) here. 

[0025] In this case, it is 3x101 3-/cm3 about 0.02 or less ohm-cm and nitrogen concentration in the resistivity 
of the silicon single crystal to raise. Considering as the above is desirable and some which made this 
resistivity 0.02 or less ohm-cm have the advantage of the reinforcement of the gettering effectiveness by the 
gettering effectiveness and high concentration boron by boron concentration being high promoting a deposit 
of oxygen and a substrate improving. However, since there is a solid-solution limit conmiunity of the boron 
in a silicon single crystal, 0.0001 ohm-cm extent of resistance is a minimum. Moreover, it is 3xl013-/cm3 
about the nitrogen concentration to dope. The above, then the precipitation-of-oxygen property by nitrogen 
can fully be raised. When lower than this concentration, there is a possibility that the precipitation-of- 
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oxygen effectiveness by having doped nitrogen may become low. Moreover, about 5x1015 concentration 
from which nitrogen does not serve as hindrance of single-crystal-izing, either is an upper limit. 
[0026] In this invention, the oxygen density under crystal may be what kind of concentration in principle. 
However, since the method of generating of the minute dislocation loop in an OSF ring and an OSF ring 
changes with oxygen densities, the difficulty of the pull-up which makes V/G value the inside of the field of 
this invention is affected. If oxygen does not exist at all, the nucleus of OSF occurs, there is no way and, 
specifically, neither an OSF ring nor a minute dislocation loop is generated. Moreover, the methods of ' 
generating of an OSF ring and a minute dislocation loop differ clearly by the case where a crystal is made 
from a super-low oxygen density, and the case where it makes from hyperoxia concentration, and it becomes 
easy to generate a minute rearrangement in the hyperoxia. Therefore, in this invention, it is necessary to also 
take the oxygen density under crystal into consideration, and to control suitable V/G value. 
[0027] And the manufacture approach of the epitaxial wafer of this invention grows up an epitaxial layer on 
the wafer which slices the silicon single crystal manufactured by the above-mentioned manufacture 
approach, and is obtained. The very high epitaxial wafer of IG capacity in which the epilayer which does not 
have an EPI defect by this was formed can be offered. 
[0028] 

[Example] Although the example and the example of a comparison of this invention are given and being 
explained more concretely hereafter, this invention is not limited to these. 
[0029] (An example, example of a comparison) 

[Trial -1] The pull-up equipment which has specific HZ (Hot Zone, structure in a fiimace in crystal pulling 
equipment) is used. Charge raw material polish recon 120kg, and the specified quantity injection of the 
wafer with a nitride is carried out. Nitrogen concentration 3xl013-/cm3 (the part of the shoulder of a single 
crystal rod, calculated value), The impurity (boron) was doped so that it might become 0.015 ohm-cm with 
the shoulder of a single crystal rod about resistivity, and the single crystal with a diameter of 200mm (8 
inches) was pulled up by making a pull-up rate into 1 .0 mm/min, having made the oxygen density as about 
14 ppma(s) (JEIDA specification, JEIDA: Japan Electronic Industry Development Association). 
[0030] The OSF ring was widely distributed over the wafer cut down from this single crystal, and the 
minute rearrangement had occurred in that part (being the location of V= 1.0 of drawing 1 (a) 
V/G=0.25mm2 / K-min). Furthermore, when the 5-micrometer epitaxial layer was grown up into the mirror 
plane wafer sliced and produced from the body near the shoulder of a crystal at 1 130 degrees C, it became 
clear by cross-section TEM observation that an EPI defect exists in the front face of the epilayer 
corresponding to the part which had generated the minute rearrangement. 

[0031] [Trial -2] Although the OSF ring itself remained a little at the core of a wafer when the raising rate 
was reduced to 0.80 mm/min on the same conditions and it pulled up using the pull-up equipment which 
continues and has the same HZ structure as trial -1, the minute rearrangement itself became the field which 
has not been generated (being the location of V= 0.8 of drawing 1 (a) V/G=0.20mm2 / K-min). When the 
mirror plane wafer was produced from this crystal and the epitaxial layer was grown up, the defect was 
eliminated from the EPI front face. 

[0032] [Trial -3] When it pulled up on the same conditions and the rate was reduced to 0.6 mm/min using 
the pull-up equipment which finally has the same HZ structure as trial -1, the whole surface became the so- 
called I-rich field (being the location of V= 0.6 of drawing 1 (a) V/G=0.15mm2 / K-min). This field is a 
field which a large rearrangement cluster generates, and the defect had generated it on that front face after 
EPI growth on the whole surface. 

[0033] When raising the silicon single crystal to which the manufacture approach of the silicon single 
crystal for the epitaxial growth of this invention doped nitrogen and high-concentration boron by the CZ 
process as a result of the above trial, it was confirmed that the silicon single crystal substrate which does not 
have a minute rearrangement generating field by this is [ that what is necessary is just to pull up a silicon 
single crystal on the conditions which V/G value becomes between the lower limit of the minute 
rearrangement generating field in an OSF ring and the upper limits of an I-rich field ] producible. 
[0034] Moreover, the field which a rearrangement does not generate changes a lot by boron concentration or 
nitrogen concentration. The nitrogen concentration from which BMD sufficient in a substrate is obtained is 
3xl013-/cm3. Since it is above, it is desirable from a viewpoint of the improvement in gettering capacity to 
use it by this concentration. Moreover, it is difficult that V/G value which an OSF ring usually generates 
[ resistivity ] so much between resistivity (l-20ohm and cm) and low resistivity (0.1 or less ohm-cm) do not 
become high, and to pull up a crystal for V/G value as within the limits of this invention, since the so-called 
N field is not expanded, either. Therefore, 0.1 or less ohm-cm, the range of resistivity is 0.02 or less ohm- 
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cm, and it is preferably desirable that it is adapted in this invention technique. 

[0035] On the other hand, nitrogen concentration is lxl014Vcm3. Since it expands a field which a minute 
rearrangement generates in being high, the above and, to use this nitrogen concentration, it is necessary to 
adjust HZ in crystal pulling equipment and to eliminate both the rearrangement of the nitrogen reason out of 
a field by carrying out flattening of the field internal division cloth of the crystal orientation temperature 
gradient G near [ under crystal ] the solid-liquid interface etc., and the rearrangement of an I-rich field. 
[0036] In addition, this invention is not limited to the above-mentioned operation gestalt. The above- 
mentioned operation gestalt is instantiation, and no matter it may be what thing which has the same 
configuration substantially with the technical thought indicated by the claim of this invention, and does the 
same operation effectiveness so, it is included by the technical range of this invention. 
[0037] For example, in the above-mentioned operation gestalt, although the example was given and 
explained per when a silicon single crystal with a diameter of 200mm (8 inches) was raised, this invention is 
not limited to this but can be applied also to the diameter of 100-400mm (4-16 inches), or the siUcon single 
crystal beyond it. Moreover, it cannot be overemphasized that this invention is applicable also to the so- 
called MCZ method for impressing a level magnetic field and length magnetic field, a cusp field, etc. to 
silicon melt. 
[0038] 

[Effect of the Invention] According to this invention explained to the detail above, even if it dopes nitrogen 
to the silicon single crystal substrate of a p/p+-EP wafer, the very high high quality of the gettering capacity 
for the defect to have been eliminated fi-om the epilayer fi-ont face, and highly efficient EPIUEHA can be 
manufactured. 
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[Drawing 1] 
Slii^v (a) 
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